The anterior-posterior axis of Drosophila is established before fertilisation when the oocyte becomes polarised to direct the localisation of bicoid and oskar mRNAs to opposite poles of the egg. Here we review recent results that reveal that the oocyte acquires polarity much earlier than previously thought, at the time when it acquires its fate. The oocyte arises from a 16-cell germline cyst, and its selection and the initial cue for its polarisation are controlled by the asymmetric segregation of a germline specific organelle called the fusome. Several different downstream pathways then interpret this asymmetry to restrict distinct aspects of oocyte identity to this cell. Mutations in any of the six conserved Par proteins disrupt the early polarisation of the oocyte and lead to a failure to maintain its identity. Surprisingly, mutations affecting the control of the mitotic or meiotic cell cycle also lead to a failure to maintain the oocyte fate, indicating crosstalk between the nuclear and cytoplasmic events of oocyte differentiation. The early polarity of the oocyte initiates a series of reciprocal signaling events between the oocyte and the somatic follicle cells that leads to a reversal of oocyte polarity later in oogenesis, which defines the anterior-posterior axis of the embryo.
Introduction
In many invertebrates and vertebrates, one or more of the body axes are already set up in the egg [1] . For instance, the anterior-posterior and dorsal-ventral axes in Drosophila are established during oogenesis by the asymmetric localisation of bicoid, oskar, and gurken mRNAs within the oocyte (the future egg) [2, 3] . The localisation of these transcripts depends on the polarised organization of the oocyte cytoskeleton, and, therefore, on the polarity of the oocyte itself. Recent data show that the first asymmetry that leads to this polarisation of the oocyte can be traced back to earlier and earlier stages of oogenesis, ultimately leading to the very first steps at which the oocyte is determined.
The determination of the Drosophila oocyte has puzzled biologists for more than a century, because it arises from a syncytium that is formed by four rounds of incomplete division of a single germ cell, producing a germline cyst of 16 sister cells that share the same cytoplasm [4, 5] . Only one cell will become the oocyte, however, while the other 15 cells differentiate as nurse cells, which provide the oocyte with nutrients and cytoplasmic components. This means that the selection of the oocyte can be viewed as the polarisation of the cyst cytoplasm and membrane [6] . In addition, the oocyte may inherit some of its polarity from this cyst asymmetry. The determination and polarisation of the oocyte are, therefore, two intimately linked issues, which will be the main focus of this review.
Early Oogenesis in Drosophila
The Drosophila ovary is composed of 16-20 ovarioles, each of which contains a chain of progressively more and more mature egg chambers [7] . New egg chambers are generated at the anterior of the ovariole in a region called the germarium, which has been divided into four regions according to the developmental stage of the cyst (Figure 1 ). Oogenesis begins in region 1, when a germline stem cell divides asymmetrically to produce a posterior cystoblast, and a new germline stem cell, which remains attached to the neighboring somatic cells at the anterior (for reviews see [8, 9] ). The cystoblast then undergoes precisely four rounds of mitosis with incomplete cytokinesis to form a cyst of 16 germline cells, which are interconnected by stable cytoplasmic bridges called 'ring canals'. During these divisions, a cytoplasmic structure called the fusome anchors one pole of each mitotic spindle (see movie 1 and 2 in supplemental data) and, therefore, ensures that cells follow an invariant pattern of division [10] . This leads to the formation of a symmetric cyst comprising two cells with four ring canals, two with three ring canals, four with two and eight with one. This invariant pattern is important, as the oocyte always differentiates from one of the two cells with four ring canals, which are, therefore, called the pro-oocytes [11] .
Once the 16 cell cyst has formed, it enters region 2a of the germarium. At this stage, all the cells of one cyst look the same, but by the time it reaches region 2b, one cell will have differentiated as an oocyte. This differentiation can be followed with several types of marker ( Figure 1 ): First, oocyte-specific proteins, such as BicD, Orb, Btz and Cup and mRNAs, such as osk, BicD and orb first concentrate in the two pro-oocytes, and come to lie on either side of the largest ring canal that connects them. By the end of region 2a, they accumulate just in the oocyte [12] [13] [14] [15] [16] [17] . Live imaging of GFP-labeled mitochondria reveals that they show a similar pattern of localisation to one cell [18] . Second, microtubules are initially diffusely distributed throughout the cyst in association with the fusome, but their minus ends gradually become restricted to the future oocyte [19, 20] . Third, the centrioles appear to be inactivated after the last mitotic division, and they migrate along the fusome into The germline stem cells reside at the anterior tip of the germarium (left) and divide to produce cystoblasts, which divide four more times in region 1 to produce 16 cell germline cysts that are connected by ring canals. The stem cells and cystoblasts contain a spectrosome (red circles), which develops into a branched structure called the fusome, which orients each division of the cyst. In early region 2a, the synaptonemal complex (red lines) forms along the chromosomes of the two cells with four ring canals (pro-oocytes, yellow) as they enter meiosis. The synaptonemal complex then appears transiently in the two cells with three ring canals, before becoming restricted to the pro-oocytes in late region 2a. By region 2b, the oocyte has been selected, and is the only cell to remain in meiosis. In region 2a, cytoplasmic proteins, mRNAs and mitochondria (green), and the centrosomes (blue circles) progressively accumulate at the anterior of the oocyte. In region 2b, the minus-ends of the microtubules are focused in the oocyte, and the plus-ends extend through the ring canals into the nurse cells. The follicle cells (gray) also start to migrate and surround the germline cells. As the cyst moves down to region 3, the oocyte adheres strongly to the posterior follicle cells and repolarises along its anterior-posterior axis, with the microtubule minus-ends and specific cytoplasmic components now localized at the posterior cortex. [20] . These data strongly suggest that the 'original' fusome marks the future oocyte, thus supporting the second model. It does not rule out the possibility that both pro-oocytes can become the oocyte, but shows that if there is a competition, it is strongly biased.
What is the link between the asymmetric inheritance of the fusome and the specification of the oocyte? The simplest model is that an oocyte-determining factor is asymmetrically distributed at each division with the 'original' fusome into the future oocyte. It has been proposed that one of the cystoblast centrioles could stay in contact with the fusome during each division, and, because of the semi-conservative replication of the centrosome, could be inherited by the oocyte [6] . Consequently, oocyte determinants could co-segregate with this centriole. Indeed, it has recently been shown that such a mechanism mediates the segregation of dpp and eve mRNAs into specific cells during the asymmetric divisions of the early embryo of the snail Ilyanassa obsoleta [34]. Alternatively, the oocyte could inherit more of some protein or activity associated with the fusome, and this early bias could initiate a feedback loop that induces the transport of oocyte determinants toward this cell. In conclusion, the fusome marks the future oocyte and also the future anterior side of the oocyte, strongly suggesting that it plays a direct role in the specification and polarisation of the oocyte. This has been difficult to prove, however, because of the earlier functions of the fusome. For example, hts and α α-spectrin mutants lack a fusome and often fail to specify an oocyte, but the divisions also become asynchronous and randomly oriented, resulting in cysts with a variable number of cells, and this latter defect could be the primary cause of the failure in oocyte determination [10,33,37].
The Read-Out of Fusome Polarity: Nurse Cell Versus Oocyte Differentiation
Although the oocyte appears to be selected early in region 1, its identity only becomes obvious two days later, in late region 2a. The differentiation of the cyst in region 2a is gradual and twofold. In the cytoplasm, the oocyte accumulates specific components and organelles, and in the nucleus, it enters meiosis and arrests in prophase I. Recent results have revealed that there are at least three pathways to restrict different aspects of oocyte identity to one cell. In addition to its role in oocyte determination, the BicD/Egl complex is required for the localisation of oskar, K10 and gurken mRNAs in the stage 9-10 oocyte, and for the apical transport of wingless and pair rule transcripts in the syncytial blastoderm embryo [43] [44] [45] . Injection experiments in the embryo have demonstrated that BicD and Egl are required to recruit the dynein motor complex to mRNAs, so that it can transport them to the apical cytoplasm [45, 46] . Consistent with this, a conserved amino-terminal domain of the mammalian homologs of BicD has been shown to bind the dynamitin subunit of the dynein/dynactin complex and to activate dynein motility, while a carboxy-terminal region binds to GTP-Rab6, and acts as an adaptor for the dynein-dependent transport of Rab6 positive Golgi membranes [47] [48] [49] .
Cytoplasmic Differentiation
Very recent results indicate that Egl also plays a role in coupling cargoes to the dynein motor complex, as a newly identified carboxy-terminal domain of the protein has been shown to bind the dynein light chain [50] . Furthermore, egl mutations that specifically disrupt this binding site abolish mRNA and protein localisation to the oocyte, as do mutants in the dynein light chain (dlc) itself. These results suggest that Egl is an essential adaptor that links the dynein motor complex to the mRNAs and proteins that are transported into the oocyte. Surprisingly, in contrast to the egl null mutations, neither the egl alleles that disrupt the interaction with the Dlc nor dlc mutants affect the restriction of meiosis to one cell. These data strongly support the idea that Egl has two separable functions in oocyte selection, an early dynein-independent function that controls meiosis, and a later function in the dynein-dependent transport of mRNAs and proteins into the oocyte. In summary, although it was originally thought that the oocyte was specified by the transport of determinants along a single polarised microtubule cytoskeleton, recent results have uncovered a more complex reality, in which multiple processes function in parallel to restrict different aspects of oocyte identity to one cell. However, all of these processes probably depend on the initial polarity of the fusome, which may act in three distinct ways to select the oocyte: First, the fusome organizes a polarised network of dynamic microtubules that direct the localisation of 
Nuclear Differentiation
The differentiation of the oocyte is marked by several cell cycle changes and as the future female gamete, the oocyte is the only cell to complete meiosis. In contrast, the nurse cells go through several rounds of endoreplication without mitosis to become highly polyploid. Interestingly, recent results show that cell cycle regulators also control the identity of the oocyte. 
Cell-Cycle Regulators and

Conclusion and Perspectives
Although we have focused on Drosophila oogenesis in this review, the formation of a germline cyst seems widely conserved throughout the animal kingdom [108] . In particular, the first steps of Drosophila oogenesis show a striking similarity to the early steps of Xenopus oogenesis (Figure 4) [109] . Furthermore, PAR6b has recently been found to localize to the animal pole of unfertilised mouse eggs, suggesting that PAR proteins may play a conserved role in oocyte polarity in mammals [110] . Thus, the eggs of many species, including vertebrates, may be polarised much earlier than previously thought, and the Drosophila egg chamber will provide a useful paradigm for understanding this process. 
